The objective of this study was to determine the effects of different implanting schemes on serum testosterone and cortisol concentrations, and carcass traits of bulls and steers implanted with trenbolone acetate (TBA) and zeranol (Z). Twenty Polled Hereford bulls were randomly assigned to one of three treatments after birth. Five calves served as nonimplanted control bulls (NIB). Nine bulls were implanted (IB) with 140 mg of TBA and 36 mg of Z at about 1 mo of age and reimplanted with both compounds 10 wk later.
Introduction
Interest in bulls for meat production originates from data that indicate bulls have higher rates of gain , improved feed efficiency (Champagne et al., 1969; Ford and Gregory, 1983) , increased lean meat produced/unit gain (Ntunde et al., 1977) , and improved product leanness (Kay and Houseman, 1975) . However, under present production, grading, and processing systems, use of bulls for meat has met with resistance (Dikeman, 1984) . The aggressive behavior of bulls during the fishing phase increases the incidence of dark cutting meat and losses due to bruising and increases live and carcass shrinkage (Price and Tennessen, 1981; Mies, 1982; Oltjen, 1982; Seideman et al., 1982) .
Implanting steers and heifers with synthetic androgens may increase growth performance without the management problems associated with feeding bulls. One synthetic androgen that has been approved for use in steers and heifers is trenbolone acetate (TBA). This compound improves rates of gain and feed efficiency and increases carcass weight in steers (Heitzrnan, 1978; Steen, 1985; Fisher et al., 1986a,b) . Neumann (1976) reported that TBA is 10 to 50 times more anabolically active than testosterone and can promote positive N balance when combined with estrogenic compounds such as zeranol (Z). Thomas and Rodway (1982a) hypothesized that TBA inhibits the catabolic action of glucocorticoids by reducing their serum concentrations.
The objective of this study was to evaluate several management systems using TBA as either a replacement for naturally occurring androgens or as an anabolic supplement during the prepubertal period of bulls. The implantation of TBA plus Z in prepubertal bulls and Z only after puberty was designed to enhance prepubertal growth and possibly minimize undesirable secondary sexual characteristics during the finishing phase.
Materials and Methods
Management and Live Animal Measurements. Twenty-five Polled Hereford bulls were assigned randomly to one of the three following treatments shortly after birth: eight calves remained as nonimplanted bulls (NIB) and nine bulls were implanted (IB) with 140 mg of TBA and 36 mg of Z at about 1 mo of age and reimplanted with both compounds 10 wk later. When these nine IB calves were about 21 wk of age, the TBA implant was removed and they were reimplanted with Z every 10 wk until slaughter. The remaining eight calves were castrated at about 3 wk of age and implanted (IS) with TBA and Z every 10 wk until slaughter. Five calves had to be removed from this study for the following reasons: three calves became chronic bloaters, one calf became totally blind, and one calf was unintentionally castrated. The animals removed from the study were not included in the analysis. There remained five NIB, nine IB, and six IS for the study. Calves remained with their dams on native bluestem pasture until weaned, at an average age of 26 wk. Then they were preconditioned for 4 wk before arrival at the feedlot. Initial feedlot weights were taken following a 12-h fast from feed and water.
4~ambridge Medical Technology, Bellrica, MA. Over a 4-wk period, calves were fed a corn and silage diet with continually increasing proportions of concentrate up to 89% @M basis. Table 1 ). The cattle were fed this diet until slaughter.
Cattle within a treatment were assigned to two pens (partially covered, concrete floor, 4.3 m x 8.5 m) with average weights for the pair of pens approximately equal. Individual weights were obtained at 2 8 4 intervals. During the finishing period, cattle were held off feed and water for 12 h before each weighing time to calculate feedlot ADG.
Blood Collection and Analyses. Blood samples were obtained from each animal beginning at approximately 14 wk of age and at 14-d intervals until slaughter. During the preweaning period, calves were brought in from a large pasture and held in a holding pen for approximately .5 h. Blood was collected via jugular venipuncture into 15-1111 vacuum tubes, refr-igerated for 24 h at 5'C and centrifuged to separate serum, and the serum was stored frozen at -20'C for subsequent analyses. Cortisol concentrations were determined in duplicate 50-p1 samples of serum using a radioimmunoassay kit4. Intra-assay and interassay coefficients of variation for the assay were 6.4 and 11.5%, respectively, at a sensitivity of 1 nglml. Testosterone concentrations were determined in duplicate 100-p1 (bulls) or 200-p1 (steers) samples of serum using the radioimmunoassay technique of Pruitt et al. (1986) . Testosterone extraction efficiency was 88.9% and intra-assay and interassay coefficients of variation were 8.1 and 15.696, respectively.
Cattle were transported 200 km to a commercial packing plant and held approximately 4 h before slaughter. Upon slaughter, testicles were removed and weighed and the carcasses were shrouded and chilled overnight.
After a 24-h chill, USDA (1976) yield and quality grade data, carcass masculinity scores, and longissimus quality traits were evaluated. Carcass masculinity scores were based on jump muscle and crest development (1 = least masculine to 5 = most masculine), whereas the longissimus muscle was scored for lean color (1 = very light red to 8 = dark red), texture (1 = very coarse to 8 = very fine), firmness (1 = very soft to 8 = very firm), and presence of heat ring (1 = none to 5 = extremely severe).
A wholesale rib from each carcass was removed and aged for 7 d at 2'C. Two steaks, 2.54 cm thick, were removed from the 11th and 12th rib region, doublewrapped in freezer paper, and stored at -20'C until they were evaluated. The most posterior steak was designated for sensory panel (SP) analysis, and the adjacent steak was for Warner-Bratzler shear (WBS) force determination using an Instron Universal testing machines.
Steaks for SP evaluations and 'WBS determinations were thawed overnight at 5'C and oven-broiled at 166'C to an internal temperature of 70'C (monitored with copperconstantan thermocouples). A mechanical coring device was used to obtain uniform longissimus cores 1.27 cm in diameter that were excised perpendicular to the steak surface. These cores were served warm to a six-member, trained SP (AMSA, 1978) or allowed to equilibrate to room temperature for 2 h before WBS determination. The panel rated juiciness, flavor intensity, myofibrillar tenderness, overall tenderness, and connective tissue amount based on an 8-point scale. Six or seven steaks were evaluated per session (three sessions); steaks were randomly selected, proportionate to the number in each treatment, so that each treatment was represented in each session.
During the study, animals were subjected to stresses of weaning, placement in the feedlot, and puberty, factors that are likely to affect btron Corp., Canton, MA. serum levels of cortisol (C) and testosterone Q. These environmental and physiological events would distort the interpretation of the serum hormone data if they were analyzed as one time period. To better understand changes at different stages of growth, cortisol data were analyzed in the following three periods: preweaning (wk 14 to 26), including the time at the beginning of the study until weaning; postweaning (wk 27 to 36), from weaning during the 4-wk preconditioning and 4-wk diet adjustment period; and finishing (wk 37 to 60). Serum hormone data were analyzed by analysis of variance using a completely randomized block design (Steel and Torrie, 1980) . Orthogonal contrasts were used to determine differences between NIB vs IB and NIB vs IS.
Significance was identified at the .05 level. The statistical model used was a split-plot analysis of variance, with the whole plot as treatment and the split plot as time. Age and hip-height differences were adjusted using date of birth and hip height as covariates in the analysis. Treatment means, analysis of variance, and orthogonal contrasts were calculated and performed using SAS (1985) .
Results and Dlscusslon
Preweaning. During the preweaning period, NIB had higher (P < .05) C concentrations than IB and IS pable 2). The NIB demonstrated a wide range of C concentrations from week to week The lower serum C concentrations observed in the two implant treatments were likely due to TBA implantation. Researchers have demonstrated that TBA lowers serum corticosterone concentrations in rats and serum C concentrations in sheep (Thomas and Rodway, 1982a) . A second study by Thomas and Rodway (1982b) demonstrated that TBA reduced the adrenocorticotropic (ACTH)stimulated release of corticosterone from isolated rat adrenal tissue. Both studies suggested that TBA exerts some of its anabolic influence through a suppression of adrenal activity (e.g., lower serum corticosteroid concentrations). This may be the case with our cattle in the preweaning period because lower serum C concentrations occurred in conjunction with TBA implantation. The wider range of serum C values observed in NIB may be due to the absence of an inhibitory effect of TBA on ACI'H-stimulated release of C. During the preweaning period, the NIB probably reacted 'Mean senun cortisol concentration for each treatment during a given period (ng/ml).
b~teers were implanted w i t h 140 mg trenbolone acetate W A ) plus 36 mg of zeranol (Z) at one mo of age, then every 10 wk until slaughter (n = 6). 'Bulls were implanted w i t h 140 mg of TBA plus 36 mg of Z at one rno of age and 10 wk later, then with zeranol every I0 wk until slaughter (n = 9). '~~11s remained intact throughout the study (n = 5). WS = not si gni fi cant .
similarly to the way nonimplanted steers react Several cattle bloated during this time and because they had not reached puberty and the increased nasal discharge was prevalent for testes were not secreting T in significant several days after weaning. The stress was amounts (Figure 1) . documented by C levels that were two to three Postweaning. During the postweaning per-times higher than concentrations reported i d , the cattle were stressed for several weeks. during the preweaning period (Table 2) noted that IS tended (P < .lo) to have lower C levels than either IB or NIB, which may be caused by the TBA present in IS.
During the postweaning period, the NIB reached puberty. This was documented by an increase in serum T (Figure 1) . The IB did not have an increase in serum T until wk 42, compared with wk 30 for NIB. Scrotal circumferences were smaller and testicle weights were lighter (P < .05) in IB than in NIB, indicating reduced testicular development (Table 3) . Lower serum T in IB may be due to the implant given to the bulls during the preweaning period. Other researchers have shown that bulls given TBA implants early in life have reduced testicular development, which would delay increasing concentrations of T (Fabry et al, 1983; Silcox et al., 1986) . Another contributing factor to reduced testicular weight is the negative effect that Z has on testicular development. Beverly (1984) reported that Z has an affinity to cytoplasmic estrogen receptors throughout the body. Schanbacher (1984) suggested that estrogenic implants inhibit testicular development in bulls.
It has been postulated that higher T levels in bulls may cause a reduction in serum C levels. This has been demonstrated by Bukoski et al. (1986) , who observed that the addition of T decreased ACI'H-stimulated release of C from adrenal gland slices. Henricks et al. (1984) reported that bulls had lower serum C than heifers. In our study, failure of NIB to have serum C as low as IS suggests that the inhibitory action of TBA in IS was greater than endogenous levels of T in NIB. Neumann (1976) reported TBA had a 10 to 50 times greater effect in promoting a positive N balance than T. It may also have a similar effect in reducing serum C concentrations.
Finishing Period. During the finishing period, there were no differences in serum C levels between IB and NIB; however, IS had lower (P < .05) serum C levels than IB ( Table  2 ). The TBA implants in IS caused lower levels of C throughout the study. The action of TBA does not seem to cany over because IB did not exhibit lower serum C during the finishing period than during the preweaning period. With the TBA implant, the IS may have higher levels of anabolic agents than the other treatments, which caused a decrease in C levels. The IB did not have lower serum C levels because they were not receiving TBA during this period.
Endogenous levels of T may have some control on the release of C. In the finishing period there was a siflicant (P < .05) correlation between serum T and serum C; however, it was negatively correlated (r = -.18). Henricks et al. (1984) did not observe a linear association between these two hormones; however, they did observe that when serum C was high the coincident serum T was low.
Carcass Characteristics. No differences (P > .05) were observed in carcass characteristics among the three treatment groups (Table 4) . Silcox et al. (1986) reported that carcass weights for NIB were similar to those of bulls implanted with Z, TBA, or Z plus TBA. Steen (1985) found that bulls implanted with Z had heavier carcass weights than steers implanted with Z plus TBA, however, dressing percentages were similar for both groups.
No differences (P > .05) were noted in carcass maturity, which was somewhat expected because cattle were slaughtered at a similar chronological age (approximately 13.6 mo of age). Other researchers also have reported that Z did not alter overall carcass maturity in comparison to NIB (Greathouse et 'Steers were implanted with 140 mg of trenbolone acetate P A ) plus 36 mg of Zmmol (Z) at 1 mo of age then every 10 wk until slaughter (n = 6).
bulls were implanted with 140 mg of TBA plus 36 mg of Z at 1 mo of age and 10 wk later, then with Z every 10 wk until slaughter (n = 9).
CMasculinity scores were based on gluteus medius muscle and crest development 1 = least masculine, 5 = most masculine. k e~e a n s in the same row with different superscripts differ (P c .05). Unruh et al., 1986) or steers (Vanderwert et al., 1985) . Steers generally have higher marbling scores than bulls (Seidemen et al., 1982; Gregory and Ford, 1983) , but no marbling differences occurred in our study. Similarly, Silcox et al. (1986) found that bulls implanted with Z or Z plus TBA were similar to NIB in marbling. However, Fisher et al. (1986b) reported that bulls implanted with TBA plus estradiol had more marbling than NIB, whereas IS seemed to have less marbling.
Longissitnus quality traits ( f m e s s , texture, color, and absence of heat ring) were very desirable, regardless of sex or implant scheme, and no differences resulted from treatment Heat ring' 1.1 1.0 1.0 .05 asteen were implanted with 140 mg of trenbolone acetate (TBA) plus 36 mg of zeranol (Z) at 1 mo of age, then every 10 wk until slaughter (n = 6).
bBulls were implanted with 140 mg of TBA plus 36 mg of Z at 1 mo of age and 10 wk later, then with Z every 10 wk until slaughter (n = 9). ( Table 4) . Unruh et al. (1986) also found that lean firmness, texture, and color were not different for Z IB and NIB. Implanting bulls and steers near birth until slaughter had no significant effects on SP flavor intensity, juiciness, myofibrillar or overall tenderness, or W B S values (Table 5 ).
However, sensory panel detectable connective tissue amount tended (P = .07) to be higher for NIB than for IB or IS. This may be linked to the early, higher levels of T observed in NIB, which may have hastened collagen maturation ( H a l l , 1976).
Implications
Different implant schemes using trenbolone acetate W A ) and zeranol (Z) alter the release of both cortisol (C) and testosterone 0.
Corticosteroids can depress muscle growth due to their catabolic nature. This is of concern to livestock producers because of the detrimental effects C can have on production efficiency. Methods to reduce serum corticosteroid levels asteas were implanted w i t h 140 mg of mnbolone acetate P A ) plus 36 mg of man01 (Z) at 1 mo of age then every 10 wk until slaughter (n = 6). bBulls were implanted with 140 mg of TBA plus 36 mg of Z at 1 mo of age and 10 wk later then with Z every 10 wk until slaughter (n = 9). ' 6 = slightly intense or slightly juicy, 7 = very intense or very juicy. dg = slight amount, 7 = practically none. e * f~e a n s in the same row with different superscripts differ (P < .07).
gscores of 1 to 8: 5 = slightly tender, 6 = moderately tender.
could possibly increase muscle growth. It was observed that serum C levels were increased by weaning stress and decreased by TBA implants. Different implant schemes would not be expected to significantly alter carcass characteristics or eating quality of meat. Although behavioral differences and handling problems were not addressed in this paper, TBA may minimize the losses in efficiency during stressful periods by reducing serum C levels. There may be no advantages-during the finishing phase for bulls compared to steers implanted with TBA and Z.
